Introduction
▼ Ultrasound (US) is a well-established diagnostic tool for breast examinations. It is commonly used to evaluate breast abnormalities that are detected by physicians during clinical breast exams, by mammography (MG) or by magnetic resonance imaging (MRI) [1] . Moreover, US is used in initial examinations of young women [2] , as a screening method in women at high risk [3, 4] , and as an adjunct to breast cancer screening in women with dense breast tissue because the sensitivity of MG is low for these patients [1, 4] . US is also performed to evaluate problems associated with breast implants [5, 6] , and it is recommended as the primary imaging modality to guide minimally invasive breast biopsies (MIBB) [1] . Although it is known that detecting, describing, and interpreting breast lesions depends on the examiner [7] , breast US in outpatients is carried out in teaching hospitals not only by experienced operators but also by trainees.
In MG studies, BI-RADS 3, BI-RADS 4, and BI-RADS 5 lesions have a likelihood of malignancy of ≤ 2 %, 3-89 %, and ≥ 95 %, respectively. In diagnostic US series, BI-RADS 3 lesions have been reported to have cancer rates from 0.2 % [9] to 11.4 % [10] . Cancer rates in BI-RADS 4 lesions range from 8.6 % [11] to 47.8 % [12] , and in BI-RADS 5 they range from 57.1 % [10] to 96.8 % [12] . On the one hand, these variations demonstrate that breast US is highly user-dependent. On the other hand, the considerable overlap between benign and malignant US features contributes to the variations. In general, breast US studies report results from examinations performed by experts. There are only a few reports of results from US conducted by technicians [1, 13] or by private practice physicians [14] . Here we present results from a study on the malignancy rates of solid breast lesions that were classified in different BI-RADS categories according to breast US performed either by experienced examiners or by trainees which reflects the daily clinical practice in a teaching hospital. As the US BI-RADS 3 category represents breast lesions that are 'probably benign' and thus require close follow-up rather than biopsy, we scrutinized the false-negative cases in this specific category. In particular, we studied the extent to which a patient's history and other clinical findings minimized false-negative results obtained from sonographic evaluation of the breast lesion.
Materials and Methods

▼
We conducted a single-center, retrospective study exploring 1469 sonographic solid breast lesions in 1201 patients. The study was approved by the local ethics committee. Women with a solid breast lesion who were scheduled for minimally invasive breast biopsy (MIBB) at our breast clinic between January 2002 and December 2011 were included. Only patients who were at least 18 years old and had lesions classified as BI-RADS 3, 4 or 5 were considered. Patients with BI-RADS 2 lesions were not included because MIBB is not generally indicated. Patients who underwent skin biopsy, lymph node biopsy or fine needle aspiration (FNA) in case of symptomatic cysts (BI-RADS 2) were also excluded. Before MIBB was carried out, patients were asked about their personal and family history. All women had a bilateral clinical breast examination and a bilateral whole breast US. Breast US and MIBB were performed either by experienced examiners or by trainees who were supervised by an experienced examiner, as is common in teaching hospitals. Sonographic examinations were conducted using either a Philips HDI 5000 Sono CT© (Philips, Zürich, Switzerland) (2002-2008) or a Hitachi EUB-7500 V© US system (Hitachi Medical System Europe Holding AG, Zug, Switzerland) (2008-2011).
In cases in which an MG was performed, the examiner was aware of the results at the time of US. Each lesion was scanned in a transverse and a sagittal plane. The dimensions were recorded along 3 orthogonal planes. US features were described and categorized according to ACR ® BI-RADS ultrasound [15, 16] . In cases in which the US examinations were performed before the implementation of the US BI-RADS lexicon in 2003, the US diagnosis and the final probability of malignancy was scored on a 5-point scale, based on the BI-RADS score under development for US [17] . MIBB was performed using either a core instrument (Mag-num© core high speed, Bard Medica S.A., Switzerland) or a vacuum biopsy tool (Mammotome hand held©, Johnson & Johnson AG, Switzerland). The core had a 14-gauge needle, while the vacuum had an 8 or 11-gauge needle. Biopsy specimens were processed for histopathology by standard procedures and evaluated by an experienced pathologist. Data on patient and lesion characteristics were retrieved from electronic medical records (View Point©, Bildverarbeitung, Wessling, Germany) before being recorded in an Excel database.
Statistical methods
Metric or ordinal data were summarized using the mean, median, minimum, maximum, and SD as appropriate. Categorical variables were summarized using counts and percentages. Comparisons between study groups were done with T-tests, Mann-Whitney U-tests, or Fishers' exact tests, as appropriate. A p-value < 0.05 was considered to be significant. In order to assess the US BI-RADS accuracy of predicting cancer, we calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) with a 95 % confidence interval. All evaluations were done using the statistical software R v. 3.1.3. [18] .
Results
▼
We identified 1232 patients with 1504 breast lesions who underwent MIBB between January 2002 and December 2011. 31 patients with 35 breast lesions had to be excluded due to male gender (n = 18), age under 18 years (n = 10), missing histology (n = 2), or skin lesion (n = 1). Thus, 1201 female patients with 1469 breast lesions were included in the final analysis. Some of the patients had more than one breast lesion. Accordingly, 2 biopsies were performed in 155 patients, 3 in 39 patients, and more than 3 in 15 patients. In 80 cases, a bilateral biopsy was necessary. Patient and lesion characteristics are summarized in • ▶ Table 1. 42.1 % (n = 506) of all patients had BI-RADS 3 lesions, 31.0 % (n = 373) had BI-RADS 4 lesions, and 26.9 % (n = 323) had BI-RADS 5 lesions. The patients with BI-RADS 3 lesions were significantly younger than those with either BI-RADS 4 or 5 lesions. In addition, patients with BI-RADS 4 lesions were significantly younger than patients with BI-RADS 5 lesions. 600 women (50 %) were < 52 years old or premenopausal and 601 women (50 %) were ≥ 52 years of age, i. e., postmenopausal, if the mean age of menopause in our population was considered to be 52. In the distribution of BI-RADS 3 to 5 lesions according to age, BI-RADS 3 lesions were most prominent in premenopausal women. While the majority of all patients had no personal history of breast disease, 7 % (n = 84) reported a personal history of breast cancer, 11.2 % (n = 134) a personal history of MIBB or open breast biopsy, and 1.5 % (n = 18) a history of mastitis. Of the 84 women with a personal history of breast cancer, 16.7 % (n = 14) had BI-RADS 3 lesions, 42.8 % (n = 36) had BI-RADS 4 lesions, and 40.5 % (n = 34) had BI-RADS 5 lesions. Patients with BI-RADS 3 lesions had a positive personal history significantly more often than those with BI-RADS 4 or 5 lesions. In addition, patients with BI-RADS 4 lesions had a positive personal history significantly more often than patients with BI-RADS 5 lesions. Of those women whose family history was known, 303 women had a positive family history, while 609 had a negative family history.
Women with BI-RADS 3, 4 and 5 lesions had a positive family history in 48.8 % (n = 148), 31.4 % (n = 95) and 19.8 % (n = 60), respectively. Significantly fewer women with a positive family history had a BI-RADS 5 lesion compared to a BI-RADS 4 lesion (p = 0.001) or a BI-RADS 3 (p = 0.003) lesion. With respect to the total number of breast lesions, the retrospective review found that the lesions were classified as BI-RADS 3 in 41.8 % of cases (n = 614), BI-RADS 4 in 32.3 % of cases (n = 474), and BI-RADS 5 in 25.9 % of cases (n = 381). As summarized in • ▶ Table 2 The mean volume of all lesions was 3.37 ml (0.01-168 ml). The mean volume was 1.69 ml (0.01-39.0 ml) for BI-RADS 3 lesions, 2.08 ml (0.01-173 ml) for BI-RADS 4 lesions, and 7.64 ml (0.03-168 ml) for BI-RADS 5 lesions. There was hardly a difference in volume between BI-RADS 3 and 4. The volumes of BI-RADS 3 (p = 0.000) and 4 lesions (p = < 0.001) were significantly smaller than those of BI-RADS 5 lesions. The mean of the largest lesion diameter was 17.6 mm (0.71-190 mm). In 71.9 % of cases (n = 1008), the lesion size was smaller than 2 cm, and 2 cm is reportedly the size at which a lesion becomes palpable [19] . Our results show an overall sensitivity and specificity of BI-RADS classification of 97 % and 66 %, respectively. The PPV and NPV are 65 % and 98 %, respectively. The age-dependent and lesion size-dependent sensitivity, specificity, PPV, and NPV are listed in • ▶ Table 3 . When analyzed according to age, our data show that US is less sensitive but more specific in premenopausal women compared to postmenopausal women. In 12 patients, 15 lesions were categorized as BI-RADS 3, but the histology revealed a malignancy, yielding a false-negative rate (FNR) of 2.5 % in patients or in 2.6 % of breast malignancies. Among the 15 malignancies, 10 were breast cancers, yielding an Table 4 .
The patients with a true-positive lesion had a mean age of 65.5 years (19-98 years), and they were significantly older (p = 0.001) than the patients with false-negative lesions, who had a mean age of 52.2 years (33-68 years). Other patient and lesion characteristics, such as personal history and lesion size, showed no significant difference between the false-negative and true-positive lesions. Furthermore, the data indicate a higher FNR for premenopausal women ( Table 5 .
All but one patient (no. 1; • ▶ Fig. 1 ) were older than 45 years. 2 postmenopausal patients (no. 2 and no. 7) had non-palpable lesions, refused immediate MIBB, and were followed up for 6 and 12 months. Because an increase in lesion size was observed, biopsy was performed. In one patient (no. 9; • ▶ Fig. 2) , in whom stem cell transplantation was planned due to leukemia, physical examination revealed a breast lump. In US, multiple bilateral breast lesions were seen and one lesion in each breast was biopsied. 2 patients either had a mother (no. 2) or a sister (no. 4; • ▶ Fig.   3 ) with premenopausal breast cancer. Overall, 5 of the 12 women were premenopausal, 1 of them with a non-palpable lesion, while 6 of them were postmenopausal, 4 of them with non-palpable lesions. This does not include the one patient with leukemia (no. 9). BI-RADS provides standardized terms for US mass features, their assessment, and recommendations for how to proceed. While BI-RADS 4 and 5 lesions clearly demand clarification with MIBB, the ambiguities associated with BI-RADS 3 lesions make it the most difficult category to handle. The difference in BI-RADS 3 cancer rates reflects the observer dependence of real-time US. The difference also emphasizes the fact that additional parameters have to be included when deciding how to proceed with a patient, e. g., short-term follow-up or tissue sampling. Moreover, the FNRs indicate decreasing accuracy of the US BI-RADS system for predicting malignancy in younger patients or in those with decreasing lesion size. Short-term US follow-up of BI-RADS 3 lesions is a reasonable alternative to MIBB provided that the lesions remain stable, in which case, a benign nature can be presumed [6, 9, 23] . Graf et al. [9] reported that 99.3 % of all lesions were stable during a followup over a mean duration of 3.3 years, with an FNR of 0.2 %. Considering the low risk of malignancy, monitoring BI-RADS 3 lesions is particularly recommended in young patients [6, 23, 24] .
Discussion
If the mass gets larger or if a change in US features is observed at follow-up, the classification changes to BI-RADS 4 and MIBB is indicated [20] . An increase in lesion size was observed in 2 of our patients, and in one of them an additional change in US features was detected. Because changes in size and/or US features often indicate malignancy, MIBB was subsequently carried out, which revealed an invasive ductal cancer in one case and a malignant phyllodes tumor in the other ( • ▶ Fig. 4) . In our series of 506 BI-RADS 3 breast lesions ( • ▶ Table 1) , there was only one false-negative lesion that occurred in a young patient (33 years). In this patient, BI-RADS classification, age, negative family history, and an inconspicuous MG suggested short-term follow-up by US. However, on patient request, MIBB was performed and revealed an invasive ductal, triple-negative breast cancer. All other patients with BI-RADS 3 lesions were older than 45 years. In this age group, biopsy rather than followup is recommended in newly diagnosed breast lesions. This is because increasing age is a risk factor for developing breast cancer, as others have suggested [25, 26] .
Our data indicate that significantly fewer women with BI-RADS 5 lesions had a positive family history compared to women with BI-RADS 3 lesions. This finding reflects the fact that a positive family history was taken into account when deciding whether to follow-up a lesion or to perform MIBB. Because of the higher incidence of breast cancer in women with a positive family history, family history is an important parameter for breast cancer risk assessment. Particularly, in cancers occurring in individuals with a family history of BRCA mutation [27] , lesions may lack suspicious sonographic features which then result in a false BI-RADS 3 classification. Our series of false negatives included 4 patients with a positive family history, 2 of them with first degree relatives who were diagnosed with premenopausal breast cancer. Focused clinical examination and correlation with clinical history are important steps in evaluating breast lesions [6] . Consistent with this notion, breast lesions that were detected by clinical examination turned out to be cancer in 7 out of 12 patients, despite the US BI-RADS 3 classification of their lesions. Because of a previously diagnosed leukemia in one of the symptomatic patients with BI-RADS 3, MIBB was performed. In another case, patient concerns resulted in MIBB, which histology revealed to be a lymphoma.
Although MG was not available for all study subjects, MG showed BI-RADS 4 or 5 lesions in 8 of the patients with false-negative BI-RADS 3 lesions. Therefore, MIBB was carried out regardless of the US BI-RADS classification. It has been reported that between 5.5 % and 15.8 % of all triplenegative breast cancers are misinterpreted as being probably benign based on the sonographic appearance which lacks malignant features [22, 28, 29] . Consistent with this notion, our series of false-negative BI-RAD 3 lesions also included 3 triple-negative breast cancers. In our study, 74.6 % of breast US examinations were performed by experts, and 25.4 % were performed by trainees under supervision, as is common in daily clinical practice in a teaching hos-pital. Only 1 out of 12 patients that were classified as having a false-negative lesion was examined by a trainee. This finding is consistent with the conclusion of Berg et al. [3, 7] who found that consistent US exam performance and interpretation is possible with minimal training. In their study, examinations that that were performed by experienced and less experienced sonographers showed substantial agreement in the key features of lesion description, but only moderate agreement in the BI-RADS final assessment for larger lesions. In addition, Bosch et al. [30] reported a high degree of interrater reliability in detection and classification across 3 sonographers, one of whom was inexperienced.
One limitation of our study is that it represents a retrospective analysis of data from a single institution with a selected population, namely patients referred for MIBB. Furthermore, elastography as a modality to further characterize breast lesions [31] was not part of the study protocol.
In summary, the sensitivity and specificity of US BI-RADS classification were 97.4 % and 66.4 %, respectively, with a positive (PPV) and negative predictive value (NPV) of 65 % and 98 %, respectively. In 506 BI-RADS 3 lesions, histology revealed 15 malignancies (2.4 % malignancy rate), which corresponds to a false-negative rate (FNR) of 2.6 %. Furthermore, our data indicate that breast US performed by supervised trainees is as reliable as breast US performed by experts. Most significantly, our study demonstrates the importance of not only focusing on US when deciding whether to follow-up a BI-RADS 3 breast lesion or to perform MIBB, but to include the patient's history and clinical findings as well as the patient's choice. Nevertheless, strictly adhering to BI-RADS criteria and classification is essential to minimize the false-negative cancer rate.
